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@UA �XAT@ o1ijOpYqHJSCKBF"MX]^[TYdPZrpYU[C]&OXI�A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A n
@UA �XA � o1ijOpYqHJSCKBF"MX]&esKBFpMN]&e7A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @ut
@UA �XA � v=]^v3YUcX[fYUP>ST]�FwA^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @>�
@UA �XA x o1ijOpYqHJSCKBF"MX]9yNPZrXIJz{MXSCFXVB]�I0A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @>�
@UA �XA}| y{~Ne�HJk�bd]�MN]^v3YUbdW�A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @ �

@UA �XA � y{~Ne�HJk�bd]�MN]�yjHJKU�U]ue(A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @&x
@UA �XA�� o1ijOpYqHJSCKBFpesMN]uescX[fYUijOX]&e8A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @&x

@BA x ��Y\[fP>OX[=F{OXbdW&ILSfijOX]4cpY\IsMNSC��W&IL]&FpP>]ue��pFXST]&e�A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @�|
@UA xpAT@ ��IJSCFpP�SCc�]&elMN]4[TYdbdW>HJrXKNMN]�A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A @�|
@UA xpA � �sW&eLOX[CHJY\HJe�F{OXbdW�IJSTijOX]ue�cQKBOXIs[�� WuiBOQYqHLSTKUF$MN]^[fYdPZrpY\[T]�OXI�A^A4A^A4A^A^A @u�
@UA xpA � �sW&eLOX[CHJY\HJe�F{OXbdW�IJSTijOX]ue�cQKBOXIs[�� WuiBOQYqHLSTKUF$M�� YUMN�B]&P>HLSTKUF�A0A^A4A^A4A^A^AT�!�

@BA | �s]�b Y\IZijOX]&eseLOXIs[T]&e�bdKNMNk�[T]&e�b Y\HLrXW&bdY\HLSfijOX]&e�A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^AT�U�
@UA}|NAT@ �`KUHLSTKUF$MN]^cXIJKU�X[Tk�bd]4�XST]�F$cQKjemW�A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^AT�j�
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�XA � ¡lSC��W&IL]&FpP>]ue��pFXST]&e�c�KUOpI`[¢� W&ijOpY\HLSTKUF$MN]4[TY PZrQY\[T]�OXI4A^A4A^A^A4A^A0A^A4A^A4A^A^A ���
�NA �NAT@ ¡lST�U]&IJe�]�aN]�bdcX[T]&esMN]�eJPZrXW�b YBe$A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A ���
�NA �NA � �+KUFpeLSfe�HZY\FpP�]7]�H`cXILWuP>SfemSTKUF£A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A �j|
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�NA �NA x �+KUF{�U]&ILVB]�FpP�]7MN]ueseLPZrpW�b YUe<A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�x �
�NA �NA}| yNPZrXW&bdYBe�b9OX[CHLSTFXST�U]uY\ONa�A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�xBx
�NA �NA � v=]^P�YBe�b9OX[CHLSfMNSTbd]�FpeLSCKBFXFX]&[(A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�xj�

�XA � ¥`ONHJIL]uesbdK{MXk�[T]&e�A0A^A4A^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A¦|X@
�NA �XAT@ o1ijOpYqHJSCKBF"M=� YBMN�U]uPRHLSTKUF"A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A¦|X@
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�pAC@&%0W&FXW�IZY\[TSCHLW&e A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�B|

�pAC@BAC@ DGFBHJILKNMNOQPRHLSTKUF A^A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�B|
�pAC@BA � ¤XKUIJb9Op[TY\HLSTKUF/P�[TYBeLeLSfiBOp] A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�U�
�pAC@BA � v=]^P�YBesMN]^[TYdMNSTbd]�FpeLSTKUF"OXF�M�� ]uemcQYUP>]�A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�j�

�pA � ¥lcXcXIJKNPZrX]4��YUILSfYqHJSCKBFXFX]&[C[T] A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�U�
�pA �XAC@ ¤XKUIJb9Op[C]uesMN]'%0IL]&]�F�A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�U�
�pA �XA � ¤XKUIJb9Op[TY\HLSTKUF��qYUILSfYqHJSCKBFXFX]�[T[T]"A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A �{@

�pA � (�rpW�KUIJST]4MX]�v3Yqa*)�+�ST[CVBIJYUb A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A ��x
�pA �pAC@ ��YUMNIJ]^Y\�pemHLIZY\SCH A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A ��x
�pA �pA � ¥`cXcX[TSfP�YqHJSCKBF�Y\O$v3Y\cp[TYBP>ST]�F A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A �U�

,w;^2-�+'�#9;^2��";*2 �.�d��)1;/� 03�
xQAC@�DGFjHJILKNMNOpP>HLSTKUF"]>HlY��B]�ILHLSfeLeL]�bd]�FjH A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�X@
xQA � ¤pKUFpP>HLSTKUFpesMX]�P�Y\IJIJW0eLKUbdb Y\�X[T]4]>HlMNW&ILST�qYqHJSCKBF21 YUSC�X[T] A^A0A^A^A4A^A4A^A4A^A^AE�!�

xQA �XAC@ h7OX]�[fijOX]&e�IZY\cXc�]�[fesM�� SCFjHJW�VUIZYqHJSCKBFEA^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�!�
xQA �XA � ¡lW&ILST�qYqHLSTKUF31 Y\ST�X[T] A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE� �

xQA � ¡7W>�QFXS HJSCKBF�]>HscXIJSCFQP>STcpY\[T]&e�cXIJKUcpILSTW>HJW&e A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AE�U�
xQA �pAC@ 41emcQYUP>]

H1(Ω)
A^A4A^A^A0A^A4A^A4A^A^A4A^A4A^A0A^A4A^A^A4A^A4A^A4A^A^AE�U�

xQA �pA � 41emcQYUP>]
H1

0 (Ω)
A^A4A^A^A0A^A4A^A4A^A^A4A^A4A^A0A^A4A^A^A4A^A4A^A4A^A^AEnUt

xQA �pA � (3IZYUP�]&e�]>H�1 KBILb%OX[C]uesMN]'%0IL]&]�F A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AEn!�
xQA �pA x _`F$ILWuemOp[ HZYqH`MN]�P>KBbdcpYUP�S HJW A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^AEnj�
xQA �pA | 41emcQYUP>]ue

Hm(Ω)
A4A^A^A0A^A4A^A4A^A^A4A^A4A^A0A^A4A^A^A4A^A4A^A4A^A^AEnU�

xQA x h7Op]�[fiBOp]&esP>KBbdcX[CW&bd]�FjHJe�ONHJSC[T]&e A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@&tX@
xQA xQAC@ ¡lW&b KBFpemHLIZYqHLSTKUF$MNO5(�rXW&KUIJk�bd]7xQA �pA |%MN]�MN]&FpeLS HJW A^A^A4A^A4A^A4A^A^A�@&tX@
xQA xQA � 41emcQYUP>]

H(div)
A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A4A^A4A^A0A^A^A�@ut �

xQA xQA � 41emcQYUP>]ue
Wm,p(Ω)

A^A^A0A^A4A^A4A^A^A4A^A4A^A0A^A4A^A^A4A^A4A^A4A^A^A�@utB|
xQA xQA x ¡lOpYU[CSCHLW A4A^A4A^A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@&tU�

xQA | v3SC]&F�Y��U]&P7[T]&esMNSfe�HJILST�XONHJSCKBFpe A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@&tj�
#¦.0��!"�/; ,8'0�96�.7,5'4���u: !"; �";^26�^� �.�%)��7,8;42�;0)1)1�7�^���&: !";^2 ���Q�
|XAC@�DGFjHJILKNMNOpP>HLSTKUF A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@U@U@
|XA �wo�HLOpMN]%MNO�v3Y\cp[TYBP>ST]�F A4A^A4A^A^A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@U@Y�

|XA �XAC@ �+KUFpMNSCHLSTKUFQesY\ONa�[TSTb SCHL]ue`MN]�¡7SCIJSfPZrX[C]�H�A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@U@Y�
|XA �XA � �+KUFpMNSCHLSTKUFQesY\ONa�[TSTb SCHL]ue`MN]��l]�OXb Y\FpFEA4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@U@&�
|XA �XA � �+Kj]78�P>ST]�FjHJe��qY\IJSfY\�X[T]&e/A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@Y�U|
|XA �XA x ��ILKBcXIJSCW�HLW&esijOpYU[CSCHJY\HLST�U]ue A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@Y�\n

|XA � �`W&eLKU[TONHLSTKUF$M�� Y\ONHJIL]ue�b KNMNk&[C]ue A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@ �Un
|XA �pAC@ y{~Ne�HJk�bd]^MN]^[¢� W�[fYUemHLSfP>SCHLW^[TSTFXW&YUILSfemW&]lA^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@ �Un
|XA �pA � o1ijOpYqHJSCKBFpesMN]9yjHJKU�U]ue�A4A^A0A^A4A^A^A4A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A�@�x{�
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�pAC@¦¥`cXcXIJK�aNSCb Y\HLSTKUF"��YUILSfYqHJSCKBFXFX]&[C[T] A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@u|X@

�XAT@UAT@ DGFjHLIJK{MXOpPRHJSCKBF A^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@u|X@
�XAT@UA � ¥`cXcpILK�aNSTbdY\HLSTKUF/SCFjHL]&ILFp]^VUW�FpW�IZY\[T]"A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@u|!�
�XAT@UA � +�W>HJrXKNMN]�MN]'%4Y\[T]�IJ�{SCF�A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@u|B|
�XAT@UA x +�W>HJrXKNMN]�MN]ue�W�[TW�bd]�FjHJes�pFXSfe � cXIJSCFQP>STcQ]uesVUW&FXW�IZY\ONa�� A0A^A4A^A4A^A^A�@u|B|

�pA � o�[CW&bd]�FjHJe��QFXSTe`]�F�MNSTb ]&FpeLSCKBF
N = 1

A4A^A^A4A^A4A^A4A^A^A0A^A4A^A4A^A4A^A^A�@u|\�
�XA �NAT@ o�[TW�bd]�FjHJes�pFXSfe

P1
A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@u|U�

�XA �NA � �+KUF{�U]&ILVB]�FpP�]l]�H`]&emHLSTbdY\HLSTKUF$M�� ]�IJIL]&OXI�A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&�p@
�XA �NA � o�[TW�bd]�FjHJes�pFXSfe

P2
A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&�B�

�XA �NA x ��IJKUcXIJSCW�HLWuesiBOQY\[TS HZYqHLST�U]ue A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&�B�
�XA �NA}| o�[TW�bd]�FjHJes�pFXSfe`M�� �`]�IJbdS HJ] A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@����

�pA � o�[CW&bd]�FjHJe��QFXSTe`]�F�MNSTb ]&FpeLSCKBF
N ≥ 2

A4A^A^A4A^A4A^A4A^A^A0A^A4A^A4A^A4A^A^A�@���x
�XA �XAT@ o�[TW�bd]�FjHJes�pFXSfe�HLIJSTYUFXVUOp[TYUSCIJ]&e A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@��qx
�XA �XA � �+KUF{�U]&ILVB]�FpP�]l]�H`]&emHLSTbdY\HLSTKUF$M�� ]�IJIL]&OXI�A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&�B�
�XA �XA � o�[TW�bd]�FjHJes�pFXSfesIL]uPRHZY\FXVBOX[TYUSCIJ]&e A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&nUx
�XA �XA x o�[TW�bd]�FjHJes�pFXSfescQKBOXIlyjHJKU�U]ue0A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A�@&nBn
�XA �XA}| �lSfemOQY\[TSTeJYqHJSCKBF"MN]ue�ILWuemOp[ HZYqHJe�F{OXbdW&ILSfijOX]&e A^A4A^A^A4A^A0A^A4A^A4A^A^A��\tj|

� �^���.�%)��7,5;^2�'d!����l'/)1;0!/�$2 �^�����^�/;42 �
	
�
�NAC@&+�K\HJSC�qYqHJSCKBF$]>Hs]>aN]�bdcX[T]&e�A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A��\tBn

�{AT@UAT@ DGFjHLIJK{MXOpPRHJSCKBF A^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A��\tBn
�{AT@UA � �sW&eLKU[TONHJSCKBF"MN]ue�cXIJKU�X[Tk�bd]&e�STFpemHJY\HLSTKUFXFpYUSCIJ]&e7A4A^A^A4A^A0A^A4A^A4A^A^A��N@ut

�NA � (�rXW�KBILST]^emc�]&P>HLIZY\[T] A^A4A^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A��N@ �

�{A �NAT@ %0W�FXW&IJYU[CSCHLWue A4A^A4A^A^A4A^A4A^A0A^A^A4A^A4A^A4A^A^A4A^A0A^A4A^A4A^A^A��N@ �
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